Introduction
Our recent high pressure studies of the dielectric prop erties of liquid crystalline (LC) substances concerned the low frequency (1. f.) relaxation process connected with the molecular reorientations around the short axes in the isotropic and different LC phases [1] [2] [3] [4] . It is character ised by the longitudinal relaxation time Tjj. The rotations around the long axes are distinctly faster, and thus the corresponding relaxation process occurs in a frequency range non accessible for our experimental set-up, having a limiting frequency of 13 MHz. This high frequency (h. f.) process is characterized by the transverse relaxa tion time T j_ and can mainly be detected by time domain spectroscopy (eg. [5, 6] ). Fortunately, in the case of a sub stance having two cyano groups attached to the benzene ring at lateral positions, the h. f. process in the smectic A phase could already be observed at megahertz frequencies [6] ! This unique circumstance allow us to study, for the first time, the influence of pressure on the rotation motion of molecules around their lowest inertia moment axis.
The substance studied has the following chemical for mula (abbreviated as CNCN):
It has very strong transverse and rather small longitu dinal dipole components. Therefore the relaxation pro cess connected with the molecular rotation around the long axis dominates the dielectric spectrum even in the isotropic phase [6] , whereas the 1. f. process is shifted to the kilohertz region, where the conductivity effects mask it considerably.
From previous dielectric studies at 1 atm [6] it was known that the smectic A phase of CNCN could be con siderably supercooled. However, its pressure-temperature phase diagram was not established yet. Therefore we begun the present studies with DTA measurements as functions of p and T.
Experimental
The substance studied was the same as in [6] . DTA measurements have been carried out with the set-ups described in [7, 8] . Heating rates of 1 or 2 K/min were applied. Also cooling runs were performed, but a linear change of temperature could not be adjusted in that case. The substance exhibits a strong tendency to super cooling. Therefore several thermal procedures were ap plied. This allowed us to establish the conditions at which the transitions from the stable and metastable crystals to the smectic A phase could be detected con sistently. The transition smectic A -isotropic liquid did not show a remarkable thermal hysteresis. The experi-0932-0784 / 01 / 0600-0489 $ 06.00 © Verlag der Zeitschrift für Naturforschung, Tübingen ■ www.znaturforsch.com OC6H 13 mental conditions for the dielectric measurements were the same as in [3] , At a given temperature (stabilized with in ± 0.2 K) the pressure was increased step by step until the transition to the solid phase was observed. The com plex dielectric permittivity, e* = ef -i ef', was measured in the frequency range of 10 kHz-1 3 MHz. The sample could not be oriented since the applied bias field of ca. 600 V/cm was not large enough to influence the permittivity. Figure 1 presents the pressuretemperature phase diagram established for CNCN in the pressure range up to 220 MPa. Typical DTA traces in the heating and/or cooling runs are shown in Figure 2 . The triangles in Fig. 1 correspond to the melting of a meta stable crystalline phase obtained by freezing the smec tic phase. If the sample was annealed at room tempera ture for at least 15 hours, the melting was detected at higher temperatures, as is marked by crosses. Some times we observed two transitions, which indicated a coexistence of the stable and metastable phases ( Figure  2b ). Both melting lines show markedly stronger pres- sure dependencies than the clearing line, which causes that all three lines merge at the same point correspond ing to 135 MPa and 371 K. Above this triple point the melting points lie on the line corresponding to the low est transition. However, when cooling the isotropic liq uid, the transition occurs at p, T points lying well on the line being extrapolation of the smectic -isotropic tran sition. This fact, as well as a considerably smaller heat effect than the enthalpy of melting (Fig. 2c) , suggests that the smectic phase exists also above the triple point as a metastable phase. The pressure dependence of the transition temperatures is presented by quadratic poly nomials with the parameters in Table 1 . Dielectric measurements. Considerable narrowing of the smectic A phase of CNCN with pressure caused that the dielectric relaxation studies could not be extended neither in temperature nor in pressure. In Fig. 1 the dot ted lines mark the isotherms at which the measurements were performed. The static permittivities e, in the Sm A phase were different at particular isotherms, and they diminished slightly with increasing pressure. Typically, the £.-values varied between 15 and 25, i.e. they were markedly smaller than those obtained in the measurements at 1 atm (-35 in the Sm A phase and above 40 in the isotrop ic phase) [6] . However, when the sample was slowly cooled from the isotropic phase under small pressure of ca. 20 MPa, the permittivity within the smectic phase persisted on the large value down to the freezing. Per haps, in such conditions the sample was oriented by the wall effects. Figure 3 shows a comparison of that relax ation spectra with those obtained by the TDS method at 1 atm in the isotropic phase [6] . One might assume that the observed large ^.-values correspond well with the dipolar structure of the CNCN molecule. However, in spite of distinctly smaller ('polycrystalline') permittiv ities measured in the course of the pressure studies, the relaxation times t± calculated from the frequency corre sponding to the maximum of losses, T± = 1/(2 7rvmax), well characterize the molecular motion around the long axes. The relaxation spectra could well be described by the Cole-Cole equation,
Results

P-T phase diagram.
with the distribution parameter a ~ 0.08 and =5.3. Figure 4 presents the logarithm of the transverse relax ation time Tj_ versus pressure. As in the case of the lon gitudinal relaxation times [1 -4] , the points lie nicely on the straight lines. The slopes of the lines yield the acti vation volume, A#V ± = RT (9 In z±/dp)T. Surprisingly, the mean value A# V ± = (52 ± 3) cm3/mol is even larger than the values of the activation volumes A# Vj, obtained recently for other substances in the smectic A phase [3, 4] , However, A#Vj| characterises the rotations of mole cules around the short axes, which motion needs usual ly much larger room than the rotation around the long axes. Due to limited range of temperature available in the experiment, the activation enthalpy A*H± = R (3 In t ±/dT~l)p, can only be roughly estimated from the data. It equals to A*H± = (52 ± 6) kJ/mol and agrees with the value (54 ± 2) kJ/mol obtained at 1 atm [6] .
Discussion
The presented results of pressure studies of CNCN in the smectic A phase indicate an anusual behaviour of this substance. The attachment of two strongly polar CN groups to the benzene ring at lateral positions results in a limited p (T) range of the smectic A phase at relatively low pressures, and in a considerable slowing down of the rotation of molecules around the long axes. In the sub stances having one halogen atom attached to the benzene ring at the meta-or para-positions, the transverse relax ation times are of the order of 10"10 s in the isotropic phase and 10~9 s in the nematic phase [5, 9] . For CNCN the corresponding relaxation times are two orders of magnitude longer [6] . The activation enthalpy A#H±, be ing 30 kJ/mol or less for the former substances, is now increased to > 50 kJ/mol for CNCN. Furthermore, the ac tivation volume of the smectic A phase points to the role of the steric effects concerning the hindrances for the ro tational motions of CNCN molecules around the long axes (and perhaps around the short axes, but this could not be studied). Thus, by applying hydrostatic pressure the space needed for molecular motions becomes strong ly reduced, and finally the smectic phase disappears.
